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Concrete is commonly employed in radioactive waste disposal as an effective congtruction materia for
containment barriers, liners, and encasement of containers. However, research is necessary before ardiable
goplication of concrete maerids for hazardous waste containment is possible. Reliable gpplication requires
fundamenta knowledge of the aging kinetics of concrete in the timespace scale of the waste storage.

The objective of the proposed research is to develop the scientific knowledge and the appropriate
engineering tools required to evauate and quantify the durability performance of Nuclear Waste concrete
containment subjected to the pessmidtic chemicd degradation scenario of calcium leaching. Monitoring the
durability performance means here the quantitative assessment, in time and space, of the integrity of the
containment during the entire sorage period. During the lifetime of the dructure, it is generdly assumed that
concrete is subject to leaching by renewed delonized water. This leads to calcium leaching of Portlandite
and C-S-H, to adegradation of the mechanicd properties of concrete (materid strength, Y oung's modulus),
and to precipitation of ettringite; in turn, by sweling this expansve ettringite formation can lead to cracking
which increases the calcium diffuson in the cracked materid and accelerates the Sructurd aging kinetics.
Hence, monitoring the durability performance of concrete containment structures requires the consderation
of the multiple couplings between diffuson-dissolution of calcium and deformation and cracking. To this
end, a combined experiment a theoretica gpproach which will alow an extrapolation of laboratory test
results to the field conditions of red-life concrete containment structures is necessary before confident
goplication ispossible.

The proposed research will focus on materid modeling, computational mechanics, materia and structura
teding. Frs, fundamenta anayticd modds that couple the diffusontdissolution kinetics of calcium leaching
with chemica damage, chemical decohesion and expansve ettringite formation will be developed. Then,
experimental research will be conducted to determine the intringc materid functions and parameters of dear
physicad sgnificance and accessible by sandard materid tests. Implemented in acommercid finite ement
program, this modd can be used in the future as an engineering prediction tool for diagnosis and life span
evauation of concrete containments.

The research will include the following tasks: (1) Development of a coupled diffusion-dissolution modd for
cdcium leaching in uncracked and cracked concrete including the chemo-mechanicd
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couplings between cacium leaching and deformation and cracking; (2) Deveopment of a sound
computational mechanics gpproach which trests the coupled chemo-hydro-mechanica problem with
implementation of the modd in acommercid finite dement program; (3) Maerid and structurd testing with
afocus on the experimenta determination of (a) the intringc materid functions of cacium leaching, (b) the
gructura effect of cacium leaching and ettringite formation on both structura load bearing capacity and
gructura eigengtresses in kinematically consrained structures (e.g., beams); and (4) application of the
modd to the durability analysis of redl-life containment structures focusing on dimensond andysisin thetime
scale of structura chemical degradation.

This project which entersin the fidld of New Technologies for Management of Nucdear Wadte, will benefit
from the exchange and collaboration with the Commissariat a I'Energie Atomique (C.EA.) in Saclay,
France.
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